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Abstract 
In this study, cedar cone (CC), a forest waste, available in large quantity in Algeria, is proposed as 
novel material for the removal of basic dye Rhodamine B (RhB) from aqueous solutions. The effect of 
operating parameters such as the sorbent dose, initial dye concentration, stirring speed and solution 
temperature on the sorption kinetics of RhB was studied. The removal of RhB by sorbent increased with 
an increase in sorbent dose and initial concentration. Kinetic models, the pseudo-first and pseudo-second 
order rate equations were applied. The obtained results show that the sorption of RhB by CC was best 
described by the pseudo- second order kinetic model. Sorption equilibrium isotherms of RhB at different 
temperatures was determined and correlated with common isotherm equations such as Langmuir and 
Freundlich models. The results indicate that the Langmuir model fits the data better. The thermodynamic 
study of 
surface.  
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1. Introduction  
Color is the first contaminant to be recognized in water. [1] Residual dyes are the major contributors to 
color in waste waters generated from textile, pulps, paint, printing, dyeing and cosmetics [1-3]. Color 
impedes light penetration, retards photosynthetic activity, inhibits the growth of biota and also has a 
tendency to chelate metal ions which result in micro-toxicity to fish and other organisms [4]. 
Most of the dyes are toxic, carcinogenic and can cause allergic dermatitis, skin irritation, mutation, etc. 
[5-7]. It is difficult to remove the dyes from effluents since they are stable to light, heat and oxidizing 
agents and are biologically non-degradable. Currently, several physical or chemical processes are used to 
treat dye-laden waste waters, such as these include chemical coagulation/flocculation, ozonation, 
oxidation, ion exchange, irradiation, precipitation, reverse osmosis, membrane separation [1-2,4,7-9]. 
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However, these processes are costly and cannot be used effectively to treat the wide range of dye-laden 
wastewater, although they have limitations. Among the treatment technologies, adsorption is rapidly 
gaining prominence as a method of treating aqueous effluent. Common adsorbents such as activated 
carbon and resin are too expensive, so it is necessary to search for an alternative low-cost adsorbent. 
Recently, more and more attention was paid on biosorbents due to the low cost. In this work, cost-
effective cedar cone was selected as biosorbent for the investigation of sorption of Rhodamine B from 
aqueous solution.  
The objectives of this study were to evaluate the sorption of Rhodamine B, a cationic dye, by cedar 
cone in batch process. The effect of different experimental conditions such as sorbent dosage, agitation 
speed, temperature and initial concentration of dye were investigated on the sorption efficiency of 
Rhodamine B. 
Kinetic data and equilibrium isotherms were determined and analyzed. In addition, thermodynamic 
parameters were determined for the sorption of Rhodamine B to explain the process feasibility. 
 
Nomenclature 
 
b Langmuir constant related to the free energy of sorption (L mg-1) 
C final dye concentration at any time t (mg L-1)  
Ce equilibrium concentration of the dye (mg L-1) 
C0  initial dye concentration (mg L-1) 
 -1) 
h initial sorption rate (mg g-1 min-1) 
 enthalpy change (kJ mol-1)  
KF Freundlich constant indicative of the relative sorption capacity (mg1-1/n L 1/n g-1)  
K1 Lagergren pseudo-first order rate constant (min-1) 
K2 pseudo-second order rate constant (g mg-1 min-1) 
n Freundlich constant indicative of the intensity of the sorption  
q amount of dye sorbed at any time t (mg g-1) 
qe amount of dye sorbed at equilibrium (mg g-1) 
qm maximum sorption capacity in the Langmuir model (mg g-1) 
R gas constant (8.314 J mol-1 K-1) 
RL dimensionless separation factor of Hall 
r2 coefficient of determination  
 entropy change (J mol-1 K-1) 
t time (min) 
T solution temperature (K, °C) 
V volume of solution (L) 
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W sorbent weight (g)
2. Materials and methods 
2.1. Sorbent  
Cedar cone (CC) (Cedrus atlantica Manetti) used in the present study was collected from the forest of 
Chelia, Khenchela, Algeria. The collected cones were washed with distilled water several times to remove 
dirt particles and water soluble materials. Then it was oven dried at 50 °C for 3 days. The dried cones 
were ground and sieved to obtain a particle size range of 0.5 1.25 mm. The obtained material was washed 
repeatedly with distilled water (conductivity 2.2 μS cm 1 and pH 5) until the wash water contained no 
color. Finally, the obtained material was then dried in an air circulating oven at 50 °C for 3 days and 
stored in a desiccator until use. 
2.2. Sorbate and chemicals 
Rhodamine B (abbreviation: RhB; C.I. Basic Violet 10; C.I. number: 45170; chemical class: xanthene; 
molecular formula: C28H31N2O3Cl) was procured from Sigma-Aldrich. RhB (molecular weight: 479.01 g 
mol-1); which is a highly water soluble, was used as a model solute. The molecular structure of RhB was 
shown in Fig.1. RhB solutions were prepared by dissolving requisite amount of the dye in distillated 
water (conductivity 2.2 μS cm 1 and pH 5) before each experiment. All other reagents used were of 
analytical grade. 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Chemical structure of Rhodamine B (basic violet 10). 
2.3. Sorption procedure 
For kinetic studies, the batch technique was used because of its simplicity. For dye-removal kinetic 
experiments, 2 g of sorbent (CC) was contacted with 200 mL of RhB solutions (50 mg L-1) in a sealed 
flask of 400 mL agitated vigorously by a mechanic stirrer using a water bath maintained at a constant 
temperature of 25°C. The stirring speed was kept constant at 300 rpm. At predetermined intervals of time, 
samples of the mixture were analyzed for the final concentration of RhB by using a UV vis 
spectrophotometer (Shimadzu mini 1240) set at a wavelength of 554 nm, maximum absorbance.  
The dye uptake qe (mg g-1), was determined as follows:  
     (1) 
N CH3 N 
+
Cl  
H3C 
CH3 H3C 
OH 
O 
O 
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where C0 and C are the initial and final dye concentrations (mg L-1), respectively, V is the volume of 
solution (L), and W is the sorbent weight (g).  
The influence of various parameters such as sorbent dose, initial concentration of dye, agitation speed 
and temperature on the kinetics of RhB sorption was studied.  
For isotherm studies, sorption experiments were carried out by adding a fixed amount of CC (2 g) into 
a number of 400 mL sealed glass flasks containing a definite volume (200 mL in each case) of different 
initial concentrations (25 400 mg L-1) of RhB solution without changing pH. The temperature was 
controlled at values of 25, 35, 45 or 55 °C and stirring was provided at 300 rpm for 8 h to ensure 
equilibrium was reached. Samples of solutions were analyzed for the remaining RhB concentration by 
using a UV vis spectrophotometer (Shimadzu mini 1240) set at a wavelength of 554 nm, maximum 
absorbance.  All the experiments were carried out in duplicate and the mean values are presented. 
3. Results and discussion 
3.1. Effect of operating conditions 
3.1.1. Effect of sorbent dosage 
In order to examine the effect of sorbent dose on the removal efficiency of RhB, sorption experiments 
were studied by varying the quantity of sorbent dose (0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0, 2.2, 2.4, 2.6 and 2.8 
mg) while keeping the initial dye concentration of 50 mg L-1, temperature (25 °C), stirring speed (300 
rpm) and contact time (8 h). The effect of sorbent dosage on sorption of RhB onto CC is illustrated in 
Fig.2 (a) and Fig.2 (b). The % removal increases with increase in sorbent dosage. At equilibrium time, the 
% removal increased from 54.8% to 90.1% for an increase in CC dose from 0.8 to 2.8 g (Fig.2 (b)) (200 
mL)-1.This may be attributed to increased sorbent surface area and availability of more sorption sites. But 
the amount of dye sorbed per unit mass of sorbent decreases with an increase in sorbent dose (7.22 to 3.32 
mg g-1 when sorbent dose increase from 0.8 to 2.8 g (200 mL)-1). The decrease in the amount of RhB 
sorbed with increasing sorbent mass is due to the split in the flux or the concentration gradient between 
solute concentrations in the solution and on the sorbent surface. The optimum dose was found to be 2.0 g 
of cedar cone per 200 mL of RhB solution. 
 
 
 
 
 
 
 
 
 
Fig. 2. (a) Effect of sorbent dose on the sorption of RhB by CC; (b) Removal percent of RhB by the CC for different 
sorbent masses. ( C0 = 50 mg L-1; contact time = 8 h; stirring speed = 300 rpm; T =25 °C). 
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3.1.2. Effect of stirring speed 
Fig.3 shows the sorption of RhB by sorbent at different stirring speed, ranging from 0 (without 
stirring) to 600 rpm. The amount of dye per unit mass of sorbent at equilibrium, increase with the increase 
of the stirring speed from 0 to 300 rpm. This can be explained by the fact that increasing the stirring speed 
reduced the film boundary layer surrounding particles, which facilitates the transfer of solute from the 
solution to the sorbent. Beyond a limit value (300 rpm in this study), it is impossible to reduce the film 
boundary layer surrounding particles, so there will be no improvement of mass transfer for stirring speeds 
above 300 rpm. Therefore, the high amount of dye sorbed at equilibrium (4.54 mg g-1) is obtained with a 
stirring speed of 300 rpm. From 300 to 600 rpm, the change in sorp
compared to the dissipated energy. 
 
 
 
 
 
 
Fig. 3. Effect of stirring speed on the sorption of RhB by CC (C0= 50 mg L-1; W = 2 g (200 mL)-1; contact time = 8 h; 
T = 25°C). 
3.1.3. Effect of temperature 
Fig.4 shows the effect of temperature on the sorption data as a function of contact time. The present 
data show that increasing temperature of dye solution from 25 to 55 °C, causes a slight increase in the 
amount sorbed at equilibrium, this can be explained by the fact that the increase in temperature decreasing 
solution viscosity, the fact that the sorption of dye is in favor of temperature indicates that the process is 
endothermic. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Effect of temperature on the sorption of RhB by CC. (C0 = 50 mg L-1; W = 2 g (200 mL)-1; contact time = 8 h; 
stirring speed = 300 rpm). 
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3.1.4. Effect of initial dye concentration 
Fig. 5 illustrates the sorption of RhB for different initial dye concentrations for a sorbent dose of 2 g 
as a function of contact time. From Fig. 5, it was observed that the sorption capacity of CC at equilibrium 
increases proportionally with increasing initial dye concentration. The amount of RhB sorbed at 
equilibrium (qe) increased from 2.28 to 18.26 mg g-1 as the initial concentration was increased from 25 to 
400 mg L-1. This is a result of the increase in the driving force the concentration gradient, as an increase 
in the initial dye concentrations, because the resistance to the dye uptake decreased as the mass transfer 
driving force increased. The kinetic of dye biosorption by the CC were analyzed using the pseudo-first 
and pseudo-second order equation. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5. Effect of initial concentration on removal of RhB by the CC. (C0 = (25-400 mg L-1); W = 2g (200 mL)-1; 
contact time = 8 h; stirring speed = 300 rpm, T = 25 °C). 
3.2. Sorption kinetics  
The experimental results of sorption kinetics of RhB by the CC for different initial concentrations are 
modeled by the Lagergren equation, Lagergren proposed a method for sorption analysis which is the 
pseudo-first-order kinetic equation [10] in the form: 
 
                (2) 
where qe and q are the amounts of RhB sorbed at equilibrium and at time t in mg g-1, respectively, and k1 
is the rate constant of pseudo-first-order sorption (min-1). 
The integration of Eq. (2) with the boundary conditions, t =0 to t = t and q = 0 to q = q, gives:   
 
   (3) 
A linear plot of ln(qe q) against time allows one to obtain the rate constant (Fig.6). If the plots were 
to RhB sorption on CC. So, the sorption process is a pseudo-first-order process. The rate constants, 
predicted equilibrium uptakes and the corresponding determination coefficients for all concentrations 
tested have been calculated and summarized in Table.1. Determination coefficients were found to be 
equal or greater than 0.901, but the theoretical calculated qe is lower than the experimental qe, indicating 
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concentrations examined. 
 
 
 
 
 
 
 
 
Fig.6. Pseudo-first-order kinetics for sorption of RhB on CC at 25 °C. 
The pseudo-second-order equation [11] based on sorption capacity may be expressed in the Form: 
 
        (4) 
where k2 is the rate constant of pseudo-second-order sorption (g mg 1 min 1) and qe is the amount of 
solute sorbed at equilibrium (mg g 1). After integrating of equation (4), applying the boundary conditions 
t =0 to t = t and q =0 to q = q, we obtain the linear form developed by Ho [12]: 
      (5) 
 
It is noted that k2 and qe in Eq. (5) can be obtained from the intercept and slope of the plot of t/q versus 
t (Fig.7). The initial sorption rate h (mg g 1 min 1) can be calculated from the pseudo-second-order model 
by the following equation: 
    (6) 
The validity of the pseudo-second-order kinetic model of Ho (Blanchard) can be checked by each 
linearized plot. The calculated r2 for pseudo-second-order kinetic model are shown in Table.1. 
 
 
 
 
 
 
 
 
Fig.7. Modeling of kinetics sorption of RhB by Blanchard's model for different initial concentrations of dye. 
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Table.1. Comparison of the pseudo-first-order, pseudo-second-order sorption rate constants and theoretical calculated and 
experimental qe values obtained at different initial RhB concentrations. 
Initial conc. (mg L-1) qe,exp (mg g-1) Pseudo-first-order kinetic model  Pseudo-second-order kinetic model 
k1 (min 1) qe,theor (mg g-1) r2 K2 (g mg-1 min 1) qe,theor (mg g-1) r2 
25 2.28 0.015 1.53 0.980  0.02304 2.38 0.999 
50 4.53 0.007 2.84 0.964  0.00855 4.78 0.998 
100 7.91 0.013 8.06 0.901  0.00247 8.77 0.997 
150 11.25 0.008 9.65 0.980  0.00126 12.66 0.995 
200 13.93 0.007 11.77 0.983  0.00105 15.62 0.993 
250 15.43 0.009 14.66 0.974  0.00080 17.85 0.994 
300 17.36 0.009 17.22 0.973  0.00061 20.41 0.995 
350 18.21 0.007 17.36 0.959  0.00055 20.83 0.978 
400 18.26 0.008 19.81 0.902  0.00047 21.74 0.979 
 
As mentioned above, the plots of t/q versus t give a straight line for all the initial dye concentrations 
studied as showed in Fig.7, confirming the applicability of the pseudo-second-order equation. The 
experimental data showed a good compliance with the pseudo-second-order equation and the 
determination coefficients for the linear plots were good (r2  (Table.1) for all the experimental 
data. These suggested that the pseudo-second-order sorption mechanism was predominant. The calculated 
sorption capacity values determined from pseudo-second-order model were more consistent with the 
experimental values of sorption capacity. Therefore, the pseudo-second-order model better represented 
the sorption kinetics of RhB by CC.  
3.3. Sorption isotherm 
The most widely used by researchers are two of the oldest isotherms, namely Langmuir [13] and 
Freundlich [14] isotherms. The Langmuir sorption model [15] is based on the assumption that maximum 
sorption corresponds to a saturated monolayer of solute molecules on the adsorbent surface, with no 
lateral interaction between the sorbed molecules. The Freundlich [16] isotherm can be used for non-ideal 
sorption on heterogeneous surfaces.  The sorption data for RhB by CC at different temperatures were 
analyzed by a regression analysis to fit the Freundlich equation and the five linearized expressions of 
Langmuir isotherm model. The details of these different forms of linearized Langmuir equations and the 
method to estimate the Langmuir constants qm and b from these plots were explained in Table.2. 
Table.2. Langmuir and Freundlich isotherms and their linear forms  
Isotherm  Equation Linear form Plot 
Langmuir I [17] 
 
  vs  
Langmuir II [18]   vs  
Langmuir III [19]   vs   
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Langmuir IV [19]   vs  
Langmuir V [19]   vs  
Freundlich [14]    vs  
 
where qe (mg g-1) and Ce (mg L-1) are the amount of sorbed dye per unit mass of sorbent and unadsorbed 
(the liquid-phase concentration) dye concentration in solution at equilibrium, respectively. qm is the 
maximum sorption capacity (mg g-1), and b is a constant related to the energy of sorption (L mg-1). KF is a 
constant indicative of the sorption capacity of the sorbent (m g  L1/n g ) and n is an empirical 
constant related to the magnitude of the sorption driving force. The magnitude of the exponent, 1/n, gives 
an indication of the favorability of sorption. Values of n > 1 represent favorable sorption condition [20, 
21, 22]. Values of the Langmuir constants and the Freundlich parameters are presented in Table.3 for the 
sorption of RhB by the CC at 25, 35, 45 and 55 °C. 
Table.3.Parameters of the Langmuir and Freundlich isotherms 
Isotherm 
T (°C) 
25 35 45 55 
Langmuir(I) 
qm (mg g-1) 17.24 23.25 33.33 62.50 
b (L mg-1) 0.0693 0.0934 0.0651 0.0353 
r2 0.989 0.997 0.994 0.956 
Langmuir(II) 
qm (mg g-1) 20.41 28.57 37.04 41.67 
b (L mg-1) 0.040 0.053 0.051 0.060 
r2 0.993 0.990 0.994 0.992 
Langmuir(III) 
qm (mg g-1) 17.97 24.97 32.81 38.38 
b (L mg-1) 0.0646 0.0807 0.0661 0.0703 
r2 0.883 0.933 0.944 0.844 
Langmuir(IV) 
qm (mg g-1) 18.77 25.76 33.95 41.19 
b (L mg-1) 0.057 0.075 0.062 0.062 
r2 0.883 0.933 0.944 0.884 
Langmuir(V) 
qm (mg g-1) 17.612 23.053 33.687 84.400 
b (L mg-1) 0.067 0.094 0.064 0.025 
r2 0.989 0.997 0.994 0.956 
Freundlich   
KF  1.986 2.748 3.104 3.083 
n 2.252 2.070 1.658 1.605 
r2 0.967 0.97  0.94  0.944 
 
The values of the coefficient of determination obtained from Langmuir-II expression are higher than 
0.99, and higher than those determined by other expressions. The maximum sorption capacity determined 
by using Langmuir-II expression were higher than those obtained by the other expressions, with an 
exception for temperatures of 55 °C (forms I and V of the Langmuir isotherm). The equilibrium constant 
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sorbate-sorbent obtained from Langmuir-II expression is less than those determined using the other 
expressions I, III, IV and V. All these observations indicate that there is strong positive evidence that the 
sorption of dye by the biosorbent follows the Langmuir isotherm. 
Fig.8(a) shows the type II linear Langmuir equation with the experimental data for the sorption of RhB 
by CC at various temperatures. It seems that the isotherm obtained from Langmuir-II expression provided 
a better t to the experimental data. 
The Freundlich isotherm for the sorption of RhB on CC is presented in Fig.8(b) The corresponding 
Freundlich parameters and the determination coefficients are given in Table.3. From Table.3, The values 
of the parameter n is greater than 1 (n  1,605), indicating that the sorption of RhB by the biosorbent is 
favorable, The determination coefficients obtained by applying the Freundlich equation (r2  0.94) are 
lower than those determined by using Langmuir-II expression. This suggests that the Langmuir-II 
isotherm gives a better fit experimental sorption data of RhB by the CC than the Freundlich equation. 
 
 
 
 
 
 
 
 
Fig.8. (a) Modeling of sorption isotherms of RhB by CC using Langmuir-II expression; (b). Modeling of sorption 
isotherms of RhB by CC using Freundlich model. 
The essential characteristics of the Langmuir isotherm can be expressed in terms of a dimensionless 
constant separation factor RL that is given by the following equation [23]:  
 
     (7) 
where C0 is the initial concentration of sorbate in solution (mg L-1), and b (L mg-1) is the Langmuir-II 
constant. The value of RL indicates the shape of the isotherm to be either unfavorable (RL > 1), linear (RL 
= 1), favorable (0 < RL < 1), or irreversible (RL = 0). The calculated RL values versus initial solute 
concentration at all different temperatures were represented in Fig.9. From this Fig, it was observed that 
at all temperature conditions, the RL values are between 0 and 1 indicate that the sorption of RhB on CC 
is favorable. 
 
 
 
 
 
 
 
 
 
Fig.9. Separation factors for Rhodamine B cedar cone at different temperatures. 
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3.3.1.  Thermodynamic parameters 
calculated using the following equations [24]: 
    (8) 
   (13) 
where G° is  (kJ mol-1) -1 K-1 -1) is 
standard enthalpy, b (L mol 1) is the Langmuir-II constant, R the gas constant (8.314 J mol-1 K-1), and T is 
the solution temperature in Kelvin (K). 
 
 Langmuir-II versus temperature was found to 
be linear Fig.10. The values of thermodynamic parameters are showing in Table.4.  
indicates the sorption of RhB onto CC 
the increasing randomness at the solid/liquid interface during sorption of RhB cations onto the CC and the 
affinity of the sorbent toward the dye.  
 
 
 
 
 
 
 
 
 
 
Fig.10. Plot of Gibbs free energy change versus temperature. 
Table.4. Thermodynamic parameters of RhB dye sorption on CC sorbent. 
 
 
 
 
 
 
3.4. Conclusion  
Cedar cone (CC), a forest waste, was successfully utilized as low-cost alternative sorbent for the 
removal of RhB from aqueous solution. Since CC used in this study is abundantly available waste, the 
resulting sorbent is expected to be economically viable for removal of basic dye from aqueous solution. 
The amount of dye sorbed was found to vary with initial RhB concentration. The high amount of dye 
sorbed at equilibrium (4.54 mg g-1) is obtained with a stirring speed of 300 rpm. The sorption kinetics can 
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be well described by the pseudo-second-order model equation. The Langmuir-II gives a better fit to 
experimental data compared to that of Freundlich. The value of RL, RL (0 < RL < 1), indicated the dye/CC 
system was a favorable sorption.  0 indicated that the RhB sorption process is 
endothermic and spontaneous.  
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